The movement of 1763 badgers trapped between 36 social groups in Woodchester Park, Gloucestershire, over 18 years was analysed to determine the frequency and duration of moves, the factors associated with a predisposition to move and the spatial pattern of movements. Of those badgers whose capture history could be categorized, nearly half had moved. Of these, 73.1% were classi¢ed as`occasional movers', 22.1% as`permanent movers' and 4.8% as`frequent movers'. Most adult badgers that moved made occasional moves (78.8%, n 67). Cubs made all types of move including permanent moves (29%, n 10). Seventy per cent of females were non-movers compared with 37% of males. Badgers were signi¢cantly more likely to move to smaller groups, whereas male badgers were signi¢cantly more likely to move to groups with a greater proportion of females. The spatial pattern of movement di¡ered from the distribution of groups with bovine tuberculosis in the study area. However, temporal changes in movement were signi¢cantly related to the incidence of Mycobacterium bovis infection in the following year, indicating that as the movement of badgers between groups varies so does the incidence of bovine tuberculosis in the population. This ¢nding is of central importance in the formulation of badger control policy.
INTRODUCTION
This paper presents analyses on badger movement between social groups. It uses trapping data gathered as part of a research programme investigating the epidemiology of bovine tuberculosis (TB) in a naturally infected badger population at Woodchester Park in Gloucestershire. The study has the highest published badger density known anywhere at 25.3 adults per km 2 (Rogers et al. 1997) . Cheeseman et al. (1988) presented data on badger movement between 1976 and 1985 from both Woodchester Park and suburban Bristol. This paper extends the study of Woodchester Park data to 1995, updating the results, and presenting new, more extensive analyses, particularly in the context of bovine TB.
The European badger (Meles meles), unlike other mustelids, has a facultative social structure that ranges from solitary to social, depending on food availability (Kruuk & Parish 1987) . Like the majority of mustelids, in parts of their geographic range where they are solitary, one male territory overlaps one or more female territories, whereas in regions where they are social, a single territory is occupied by males, females and their o¡spring (see .
Badger social groups range in size from 2 to 27 animals (Pigozzi 1987; Rogers et al. 1997) and territories are actively defended (Kruuk 1978) . However, badgers show few of the complex social interactions seen in the social canids, felids and viverrids (Kruuk 1989) . Indeed, the advantages of sociality in badgers still remain unclear da Silva et al. 1994) .
Badger social groups are formed by individuals remaining in their natal group (philopatry) (Kruuk & Parish 1982; Cheeseman et al. 1987; da Silva et al. 1994) . The pattern of intergroup movements varies between badger populations; it is thought that the greater the habitat saturation the greater the constraints on individuals from leaving their natal territory to breed independently ). Several radio-tracking studies show that movement between social groups is rare. Cheeseman et al. (1988) found that in the highdensity Woodchester Park population, males seldom dispersed, but instead made temporary forays into the territories of adjacent social groups to mate with the resident females. also found that male dispersal was low in the high-density population in Wytham Woods, Oxfordshire. Female dispersal was not observed at Woodchester Park (Cheeseman et al. 1988) or in a lower-density population in Speyside (Kruuk 1989 ).
However, female dispersal was observed in a study of a low-density population of badgers in suburban Bristol (Cheeseman et al. 1988) and in the high-density Wytham Wood population, where it sometimes involved badgers moving in coalitions .
The aim of this paper was to gain an overview of movement at Woodchester Park by determining the frequency and duration of moves between social groups, the factors that were associated with a predisposition to move and the spatial pattern of movements. Understanding badger movement is important in understanding badger sociality, and is particularly relevant in the context of the epidemiology and management of bovine TB in badgers and cattle, as badger movement patterns may have a role in the transmission of Mycobacterium bovis among badgers and between badgers and cattle.
METHODS (a) Study area
The study area, covering 11km 2 , is situated on the Cotteswold sandstone escarpment between 47 m and 210 m above sea level. The landscape is hilly, predominated by permanent pasture (39%) and deciduous woodland (12%), with smaller areas of arable farmland, rotational grassland, scrub, coniferous and mixed woodland. Farming is primarily for beef and dairy cattle with some sheep. The study area contains 36 contiguous badger territories, with setts concentrated along an outcrop of Cotteswold sand in a band of woodland on the lower valley slopes .
(b) Data collection
Data were provided by a continuous trapping and sampling regime from 1978 to 1995 (see Rogers et al. 1997) . Cage traps located adjacent to active setts were prebaited with peanuts for 7^10 d, and then set on two consecutive nights. Initially, the main sett of each social group was trapped between two and four times a year, but from 1984 each group was trapped four times a year. After capture, animals were anaesthetized by an intramuscular injection of ketamine hydrochloride (Vetalar: 20 mg kg À1 ), and permanently marked with a unique tattoo in the inguinal region (Cheeseman & Harris 1982) . Location, age (if year of birth was known), body weight (to nearest 0.1kg) and sex were recorded for each animal.
Infection with M. bovis was determined from microbial culture of sputum, faeces, urine and bite-wound swabs (CliftonHadley et al. 1993) . A proportion of infected badgers was classed as heavily infected or`super-excretors' once they had either two positive sampling occasions (one of which might be a postmortem), or one positive sampling occasion with at least two positive sites and no subsequent records (R. S. Clifton-Hadley, personal communication).
Each year the territorial boundaries of badger social groups were established using bait-marking during the peak of territorial activity each spring (Kruuk 1978) , following the method described by Harris et al. (1994) .
(c) Data analysis
Analysis of badger movement between social groups was performed on records from all 36 social groups, with the exception of the analysis of the variation associated with the likelihood of moving, which was performed on a subset of 22 core' groups. This was because only the core groups had complete data on certain variables such as infection status and season needed in that analysis. A geographic information system, or GIS, (ARC/INFO) was used to obtain true distances (i.e. allowing for topography) between social group main setts. For the purposes of analysis, age was de¢ned as three classes: cubs (up to 1 year), yearlings (1^2 years) and adults (5 2 years). Annual adult group size was determined according to the method outlined in Rogers et al. (1997) , where each badger was counted only in the group where it appeared most over all of its captures in that year. If a badger was caught only twice in one year but at two di¡erent groups, then it was counted in the group in which it was ¢rst captured.
(i) Variation associated with the likelihood of moving Each observation in the data set represented a capture and was given a score of one if the badger was caught in a di¡erent social group at it's next capture, or a score of zero if it was not. This`movement score' was then entered as the response variable in a logistic regression (Collett 1991) . Initial examination of the data indicated that there was a tendency for some badgers to move more than others and so, in order to allow for this as a random term in the model, a generalized linear mixed model (GLMM; Breslow & Clayton 1993) with a logit link function and binomial error structure was ¢tted by means of the GLMM procedure in Genstat (GENSTAT 5 Committee 1993) . A conventional logistic regression model was still used for the initial selection of a model using a forward stepwise selection procedure, as the time taken to ¢t the GLMM made it di¤cult to use for exploratory model ¢tting. Badger identity, social groups and time of capture (season (spring MarchM ay, summer June^August, autumn September^November, winter December^February) and year) were ¢tted as random terms in the GLMM. The explanatory variables ¢tted as ¢xed e¡ects were: badger age class, body weight, sex, social group, adult social group size, M. bovis infection status (from culture results), and whether or not the animal had moved since its previous capture.
If a badger had not moved before any one capture there was an 8% chance that it would move before the next, but if it had moved before any one capture there was a 50% chance that it would move before the next. This serial correlation was explicitly modelled in the GLMM using a term representing whether or not the animal had moved at its previous capture.
The 18 annual mean values for the badger movements between the 22 core social groups (expressed as a proportion of total captures) were related to the incidence of bovine TB, cub mortality, population sex ratio, population density and the variance-to-mean ratio of group size using linear regression for the initial exploratory models. Final testing used a time-series model to allow for serial correlation in the data, although in practice this made little di¡erence to the results, as the serial correlation in the data was relatively weak.
(ii) Movement categories For these analyses, only badgers that had been caught at least ¢ve times over three or more years were included. This was so that adequate information was available to allocate badgers with some con¢dence to one of four categories according to the number of social groups they were trapped in.`Non-movers' were only ever caught in one social group.`Occasional movers' visited only one or two social groups other than their main resident group.`Frequent movers' moved between more than two social groups other than their main resident group.`Permanent movers' were those for which a movement led to permanent subsequent residence in a di¡erent social group. Movement types were strati¢ed by sex and age class; for frequent and occasional movers the age class was determined as that at the time of the ¢rst move, and for permanent movers as that at the time of the permanent group change. Non-movers were not assigned to an age class.
The relationship between movement type and adult social group size and age structure was analysed, and the annual rates of movement and mean distance moved for each movement type were calculated. An annual movement rate for frequent and occasional move types, strati¢ed by sex, was calculated as: number of moves made per category number of badger years in that category ,
where`badger years' are the sum of the total years each badger is alive and available to move. Because permanent movers do not move on an annual basis, it was not meaningful to calculate an annual movement rate, so instead an annual probability of permanent movement was calculated for each sex:
number of permanent moves made total badger years for each sex X
(iii) Spatial patterns of inter-group movement
The total number of moves to and from all 36 social groups from 1978 to 1995 were arranged in a triangular similarity matrix. Each ¢gure in the matrix represents a measure of similarity for pairs of social groups. Similarity was calculated as the number of moves between two social groups as a percentage of the total movements to and from both social groups. Hierarchical cluster analysis techniques (Digby & Kempton 1987) were performed on the matrix to identify associations between social groups, and a log^linear model (Armitage & Berry 1987) was used to relate the number of movements to both the social group and the distance travelled.
RESULTS

(a) Variation associated with the likelihood of moving
Movement between social groups was detected in 12% of capture events. The relationship between the number of moves and the number of captures was analysed using linear regression. The number of moves increased with the number of captures in a nearly linear relationship (F 1,776 111.99, p50.001).
The ¢nal GLMM (see table 1) showed that the probability of a badger moving between social groups was signi¢cantly related to all the ¢xed terms except its infection status (1 2 0.13, d.f. 1, n.s.). The component of variance for individual identity was large relative to its standard error (table 1b), indicating that some individuals were signi¢cantly more likely to move than others. There was a highly signi¢cant e¡ect of sex due to the higher rate of movements among males. Further, if an individual had moved at the previous capture it was signi¢cantly more likely to move again than an individual that had not moved. The likelihood of moving increased signi¢cantly with age class, although badgers of all age classes moved, and independently of this the likelihood of moving was signi¢cantly positively correlated with body weight. There was a signi¢cant decrease in the tendency for badgers to move as the size of the social group they were moving from increased, and, in addition, the likelihood of moving was signi¢cantly related to the identity of the social group from which the badger moved (table 1b, if ¢tted as a ¢xed e¡ect, 1 2 64.13, d.f. 21, p50.001). For example, the social group`Cedar' had a relatively high proportion of movers (0.37), whereas`Colliers Wood' did not (0.05).
The random e¡ect for time of capture is large relative to its standard error (table 1b), indicating that the probability of movement varies over time. It is apparent that there is some systematic pattern over time (a 9^11 year curve with a minimum in 1985 and a maximum in 1990), but there is a degree of variation about this, with no obvious seasonal e¡ect (1 2 4.57, d.f. 3, n.s.).
(b) The change in movement over time Figure 1 shows trends over time in the proportion of moves (as a proportion of captures) between social groups and the incidence of badgers with TB in the 22 core groups. The incidence of TB was signi¢cantly greater in years when a high proportion of badgers had moved in the previous year (time-series model with moving average order 1, t 3.09, d.f. 12, p50.01). An increase in movement in one year was followed by an increase in the incidence of TB in the next and vice versa.
The proportion moving in each year was itself signi¢-cantly related to cub mortality in the same year (t 2.99, d.f. 15, p50.01), with more badgers moving in years with higher cub mortality, but was not signi¢cantly related to any of the other variables examined.
(c) Movement categories
Of 1763 badgers caught in the study area between 1978 and 1995, 475 (26.9%) could be categorized. The remainder could not be categorized because either they were caught only once (n 645, 36.6%) or there was an insu¤cient number of recaptures (n 643, 36.5%) (see ½ 2). Of those that could be categorized, 208 (43.79%) moved and 267 (56.21%) did not move. Most badgers that moved were`occasional movers' (n 152, 73.1%), whereas 46 (22.1%) were`permanent movers' and 10
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. There was no signi¢cant relationship between movement type and age (1 2 7.815, d.f. 4, p40.05). Most adult badgers that moved made occasional moves (78.8%, n 67). Cubs made all types of move including permanent moves (29%, n 10). These results are shown in table 3. Of the 267 non-movers, 249 were caught as cubs, 247 were caught as yearlings and all were caught as adults. Average distances moved between social groups were mostly under 1000 m (table 4), whereas the mean ( AEs.e.m.) nearest neighbour distance (to within 1m) between social group main setts was 595 AE28 m (range 242^1176 m), indicating that badgers generally move about one or two social groups away. Females making permanent moves moved furthest and males making occasional moves moved the shortest distances.
Badgers were signi¢cantly more likely to move from larger to smaller groups (1 2 27.84, d.f. 1, p50.001), but there was no relationship between the type of movement and the tendency to move to larger or smaller groups (1 2 0.00, d.f. 1, p40.05). Male badgers were signi¢cantly more likely to move to groups with a higher proportion of adult females (1 2 10.18, d.f. 1, p50.01), Figure 1 . Badger movements between social groups (expressed as a proportion of total captures) and the incidence of bovine TB in the badger population over time. a Sample sizes vary between tables 2^4 because (i) not all badgers are of known age; and (ii) the mean distances could not be calculated for badgers that had at the end of a capture history moved outside the study area, and been found as an RTA. b Annual probability of permanent movement.
but there was no relationship between the type of movement and the sex structure of the social group (1 2 0.096, d.f. 1, p40.05). The age structure of the social group had no signi¢cant e¡ect on the likelihood of badgers moving in or out (1 2 1.15, d.f. 1, p40.05), and there was no relationship between the type of movement and the age structure of the social group (1 2 0.508, d.f. 1, p40.05).
There were 44 instances of two or more badgers being trapped together in one social group and then subsequently trapped together at another group. Such instances were taken as evidence that these badgers may have moved together as a coalition. Coalitions varied in their sex and age structure: 18 were all male, 13 all female and 13 of mixed sex. Of these, 21 comprised only adults, four were all yearlings, one comprised only cubs, 17 were of a mixture of ages and one was with an unknown-aged badger. There were 33 pairs, ten coalitions of three and one coalition of four adult males. Three coalitions made a permanent change in group, whereas nine pairs moved together twice, two moved together three times and two adult females moved together ¢ve times in one year. Three badgers appeared in two di¡erent coalitions and one badger appeared in three.
(d) Spatial patterns of inter group movement
There were 703 recorded movements of badgers between social groups in the study area. The frequency of movements in and out of each social group was signi¢cantly positively correlated using Spearman's rank correlation coe¤cient (r s 0.892, d.f. 34, p50.001), suggesting that no social groups were net importers or exporters of badgers.
Cluster analysis revealed no clustering of social groups with respect to movement between them. Instead, high similarity values for social groups that were close together indicated that the majority of movement took place between neighbouring groups. The inverse relationship between distance and the likelihood of migration between social groups was con¢rmed by ¢tting a log^linear model to the movement matrix. Social group was highly signi¢-cant (1 2 590.2, d.f. 32, p50.001), indicating that some groups have more movements than others. The number of moves was even more strongly related to the logarithm of the distance between the two groups (1 2 1767.4, d.f. 1, p50.001). This suggests that distance explains the vast majority of the variability in the data set, and any more complex structure is of marginal importance.
DISCUSSION
This study has used trapping data to examine movement, whereas previous studies, including Cheeseman et al. (1988) , have used radio-telemetry; hence comparisons are made with caution. Particularly in the analysis of movement types, where badgers were excluded unless there were ¢ve captures over three years, this may favour longer-lived, more trappable badgers. We found that nearly half (43.79%) of the badgers that could be classi¢ed were classed as movers, a higher percentage than observed in previous studies. Only 22.1% of these movers made permanent moves (probability 0.0054); most movers (73.1%) made occasional moves (rate 0.018). All previous studies of high-density badger populations also indicate that individuals seldom make a permanent change in social group (Cheeseman et al. 1988; Kruuk 1989; Christian 1994) , while the occurrence of occasional moves between social groups is well documented for both sexes (e.g. , and in some studies is considered to be relatively common (Christian 1994) . Most badgers appear to remain in their natal groups, group membership is stable, and movements are mostly of short distance. All suitable habitat is already occupied by badger social groups, so that emigrant badgers have to move into other badger social groups .
In contrast, in the low-density urban badger population in Bristol, territories were not contiguous (Harris & Cresswell 1987) , the social structure was £uid, and intergroup movements were relatively common (Cheeseman et al. 1988) . In a comparison of dispersal rates in four British badger populations, found that male dispersal rate declined with increasing population density but there was no such e¡ect on female dispersion.
Individual badgers varied in their tendency to move even after allowing for other factors such as age class and weight. Further, a badger was much more likely to move again if it had moved before. However, many of these were simply return movements to the original group. Movements between social groups were more frequent among older and heavier badgers. Previous work has found that dispersing males were larger and had higher testosterone levels than those remaining in their natal
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Proc. R. Soc. Lond. B (1998) groups , although the amount of movement in general has previously been unknown. Interestingly, this study found that cubs made all types of move, including permanent moves, although most were classed as non-movers. Previous studies, such as those by Christian (1994) and da Silva et al. (1994) , have observed no cub dispersal. The present study, and those of Cheeseman et al. (1988) and Kruuk (1989) , found that males were more likely to move than females. Yet Christian (1994) found that females visited other main setts more frequently than males and permanent group changes exclusively involved mature females. and da Silva et al. (1994) also found that dispersal was slightly more common in females.
The relationship between movement and group size in this study is complex. Badgers of all move types were more likely to move to smaller groups; this is supported in the literature, for example, found that females dispersed from large groups, where their chances of breeding were relatively low. It may be that immigrant badgers stand more chance of taking over and/or breeding in smaller groups where females may be less well defended than larger groups. Yet the tendency for a badger to move increased as the size of the group it was moving from decreased. It may be that there is generally more movement to and from smaller groups. However, it would seem that the data in the present study are not capable of resolving the complexity of this aspect of badger ecology.
The age composition of resident badgers in a social group did not signi¢cantly a¡ect the movement of individuals in or out. Similarly, Christian (1994) found that dispersers were never observed to su¡er aggression either from their own social group members before changing social groups, or by ¢ghting with members of the new social group. He also found that female immigrants showed no signs of persecution but went on to breed simultaneously with resident females in the new social group. These ¢ndings are perhaps surprising as it might be thought that older, more dominant residents would deter immigration.
In contrast, the sex composition of the resident badgers in a social group was important, in that adult males were signi¢cantly more likely to move to groups with a greater proportion of adult females than the group moved from. This suggests that male movement between social groups may be motivated by the availability of reproductively mature females. In contrast, da Silva et al. (1994) observed that dispersal did not appear to be related to the number of adult males or females in the group.
The movement of coalitions of badgers between social groups suggests some social or cooperative behaviour, although badgers seldom forage together (Kruuk 1989) and evidence of cooperation is scarce. found that in Wytham woods, whereas male badgers dispersed alone, females moved between territories in coalitions of two or three, over longer distances, and to territories already occupied by single females. Resident females disappeared after the arrival of the immigrants, suggesting that their territories may have been taken over. Such group dispersal is common among male lions, Panthero leo, (Bygott et al. 1979) and female wild dogs, Lycaon pictus, (Frame & Frame 1977) .
The variation in movement over time was illustrated by the time of capture. It is known that activity changes seasonally, for example Cheeseman et al. (1988) found from radio-tracking that adult males travelled into neighbouring territories during the peak mating period, between January and March. In the present study, however, the reasons for the signi¢cant temporal variation in movement are unclear, as no simple trend or seasonal pattern could be detected. It is possible that external factors such as changes in climate or food availability play a role. The signi¢cant relationship between cub mortality and movement is consistent with this hypothesis.
There was no geographical clumping of movements between social groups at Woodchester Park; the majority of movements were between adjacent groups and the distance between groups was the dominant factor in£uencing the pattern of intergroup movement. The observation that movements were mostly to adjacent groups is supported by previous work in high-density areas (e.g. Cheeseman et al. 1988; Kruuk 1989; Christian 1994; da Silva et al. 1994) . In the present study, the amount of movement between adjacent groups varied widely. It is not clear why this should be so, although this study has shown that the proportion of females in a social group and group size were important in determining movement.
Movement between the social groups was in balance: no groups were net exporters or net importers of badgers. This is quite surprising, given that social group size varies temporally and spatially (Rogers et al. 1997) . This probably re£ects the fact that most moves are temporary, so that an outward move is balanced by an inward one when the badger reappears in its original group, although it may also indicate that as vacancies in social groups arise they are ¢lled by badgers from other groups.
The present study has only described movement patterns of badgers between the 36 social groups in the study area. Unfortunately, the amount of movement between Woodchester Park and social groups in the immediately surrounding area is impossible to determine from the data available. Moreover, emigration of badgers from Woodchester Park cannot be distinguished from mortality using trapping data. The movement behaviour within the study area suggests that emigration and immigration would be low. It seems more likely that the study site would act as a source of badgers rather than as a sink, because the surrounding area is subject to badger control and therefore likely to have a population density below carrying capacity. Of 222 road tra¤c accidents collected from roads surrounding Woodchester Park between 1978 and 1995, 32% (72) were untattooed and 68% (150) were tattooed, indicating that marked badgers do travel outside the study area (L. Rogers, unpublished data). It seems probable that the death of a dominant individual in a social group would be followed by immigration into that group by an individual attempting to take over; unfortunately, our present data cannot reveal such detailed information. Evans et al. (1989) looked at the genetic and social structure of 13 of the social groups at Woodchester Park and found four clusters of groups, which they called`super groups'. However, in the present study there was no evidence for geographical clumping of movement between social groups, suggesting that there are no subpopulations of closely associated social groups at Woodchester Park. It might be that the genetic clumping of groups revealed by Evans et al. (1989) re£ects colonization that may have occurred recently as a result of persecution before the start of the study, rather than the movement patterns recorded within the study period. Genetic work is currently in progress to determine the genealogies of badgers in the study area using microsatellite markers.
The spatial patterns of movement in the present study are not correlated with the incidence of TB in social groups . This is consistent with previous work showing that transmission of M. bovis infection between social groups is slow and restricted in space and time (Smith et al. 1995) . Further, the infection status of individual badgers did not a¡ect movement between social groups, although previous work by showed that radiocollared badgers heavily infected with tuberculosis moved between social groups and were more likely to enter farm buildings than uninfected badgers. These di¡erences may be related to the stage of infection, as animals with progressive disease may behave di¡erently from other infected animals.
However, the incidence of M. bovis in the Woodchester Park population was signi¢cantly related to the pattern of movement over time. Increased movement between social groups in one year would be followed by an increase in TB incidence in the following year, suggesting that the former results in an increase in the contact rate between members of di¡erent social groups and facilitates the spread of disease. Alternatively, however, some external factor may cause both the increase in incidence of TB and increase in movement, or TB infection may cause an increase in movement, and is detected only later. Increases in movement are known to occur after perturbation such as badger control for TB (Cheeseman et al. 1993) , and if there is a causal link between movement and incidence, this ¢nding is of central importance in the formulation of badger control policy. Interestingly, although badger density at Woodchester Park has steadily increased over the study period (Rogers et al. 1997) , the incidence of TB has not. It may be that the factor(s) responsible for inducing changes in annual movement rates is a better predictor of disease status in the badger population than population density.
Trapping data cannot reveal the causes of badger movement. However, traps are placed at setts that are well within territorial boundaries, so badgers caught here are not simply making foraging incursions, but are more likely to be involved in some social interaction. Previous studies using intensive radio-tracking (Cheeseman et al. 1988; Kruuk 1989; have concluded that movements of badgers between social groups are likely to be adaptations for inbreeding avoidance and competition for mates. Extraterritorial mating has been well documented (Cheeseman et al. 1988; Kruuk 1989; da Silva et al. 1994) and there is genetic evidence for multiple paternity within litters, on occasion implicating males from other social groups (Evans et al. 1989 ). Evidence suggests that other possible causes of movement such as colonization (Harris & Woollard 1990; Cheeseman et al. 1993) and food shortage (Kruuk 1989) are less common in badgers.
The present study has shown that in the high-density badger population at Woodchester Park, movement between social groups is more common than previously thought, although dispersal movements are still infrequent. Although infection status was not important in determining which badgers moved and when, variation in the frequency of movement between social groups may be linked to the transmission of M. bovis between social groups. Thus, in low-density or perturbed populations where there is more movement, the risk of transmission of M. bovis between social groups may be even greater. This is of fundamental importance in the formulation of badger control policy, because a possible consequence of limited control operations might be an exacerbation of disease spread.
